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TECHNICAL SESSIONS

Tuesday, 18 November 1875

‘ 9:30 a.m. Session I: Tutorial on Wire and Cable Considerations in Fires
4 2:15 p.m. Session Il Flammability Consideration in Cables
2:15 p.m. Session il Manufacturing & Processing

1 Wednesday, 19 November 1975

B 9:15 a.m. Session IV: Cable Applications |
‘ 9:15 a.m. Session V: Cable Design

2:15 p.m. Session Vi: Testing & Evaluation
2:15 p.m. Session Vii: Cable Materials |

! Thursday, 20 November 1975

9:15 a.m. Session Vill:  Cable Applications ||
9:15 a.m. Session IX: Cable Materiais Il

| 2:15 p.m. Session X: Waterproof Cable
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Responsibility for the contents rests upon the authors and not the Symposium
Committee or its members. After the symposium all the publication rights of each
paper are reserved by their authors, and requests for republication of a paper
should be addressed to the appropriate author. Abstracting is permitted, and it
would be appreciated if the symposium is credited when abstracts or papers are
republished. Req. ests for individual copies of papers should be addressed to the
authors. Extra copies of the Proceedings may be obtained from the Symposium
Co-Chairman (Requests should include a check for $10.00 per copy, in US
currency, made payable to the international Wire & Cable Symposium). Copies may
also be obtained for a nominal fee from the National Technical Information Service
(NTIS), Operations Division, Springfield, Virginia 22151,

Copies of papers presented in previous years may also be obtained from the
Nationat Technical Information Service. Papers from the first 20 years, with their AD
numbers are catalogued in the “"KWIC Index of Technical Papers, Wire and Cable
Symposia (1952-1971)," December 1971.




MESSAGE FROM THE CO-CHAIRMEN

Your co-chairmen heartily welcome you to the 24th International Wire
and Cable Symposium. Last year's successful symposium (the 23rd) evoked
many favorable comments on the high caliber and timely relevance of the
presentations. Participation by countries other than the United States
was maintained at the high level achieved in the past two years. Eigh-
teen (18) papers from seven of these countries were presented, 35% of all
papers given. We are indeed gratified that this symposium continues to
attract such a sizeable representation from the world-wide wire and cable
community.

The emphasis this year is being placed on the flammability character-
istics of potential cable material. Such considerations are assuming
increasing importance in the interest of safety, performance reliability,
and economy. The tutorial session and one following session is devoted
to this topic. The tutorial session is the only offering in its time
slot and we strongly recommend your attendance.

Two of our hard working committe members, Jerome Hager of Northern
Petrochemical Company and George Heller of Tensolite Company are retiring
from the committee after three years of service. Jerry and George by
their efforts and specialized knowledge both contributed materially to
the success of the committee's mission. On behalf of the rest of the
committee, your co-chairmen wish to thank them both and wish them well in
their future activities.

The committee is looking forward to the symposium's first year at its
new location, the Cherry Hill Hyatt House. Attractive surroundings, ade-
quate convention facilities, local and nearby urban recreational activities
and easily accessible transportation should combine to make this yea:'s
symposium a stimulating and pleasant experience. We hope you enjoy it!

C;(f \é(gkk e
G 6

08WIN, Co-Chairman
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(Left) Major General Hugh F.
Foster, Jr.; Commanding General
of Fort Monmouth, making his
keynote address at the banquet.

(Right) Mrs. Helene Spergel and
daughter llene receiving bound
volume of technical papers
authored by the late Jack

Spergel.

HIGHLIGHTS OF THE 23rd
INTERNATIONAL WIRE AND CABLE
SYMPOSIUM

December 3, 4 and 5, 1974

Shelburne Hotel, Atlantic City, N. J. Awards were presented by the symposium co-chairman to
! Dr. H. Martin, Kabelmetal (left), for Outstanding Technical
Paper, and to R. J. Oakley, Northern Electric Co., Ltd.
(2nd left), for Best Presentation of a Technical Paper.
Certificates of Appreciation were presented to W. R.
Smith, Hercules Inc. (2nd right) and L. Dunlop, GTE
Service Corporation (right), for serving three years on the
Symposium Committee.

Dr. W. Wells, IIT Research institute, discussing ''Testing Breakfast for speakers and co-authors of Session I.
and Hardening Techniques for Cables and Connectors,”

during tutorial session on Effects of EMP on Cable Sys-

tems. Mr. |I. Kolodny, General Cable, was Chairman of the

session.
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Outstanding Technical Pag er

H. Lubars and J. A. Olszewski, General Cable Corp—''Analysis
of Structural Return Loss in CATV Coaxial Cable"

J. B. McCann, R. Sabia and B. Wargotz, Bell Laboratories—
“"Characterization of Filler and Insulation in Waterproot Cable"

D. E. Setzer and A. S. Windeler, Bell Laboratories—"A Low
Capacitance Cable for the T2 Digital Transmission Line"

R. lyengar, R. McClean and T. McManus, Bell Northern
Research—'‘An Advanced Multi-Unit Coaxial Cable for Tool
PCM Systems'

J. B. Howard, Bell Laboratories—''Gtabilization Problems with

Low Density Polyethylene Insulations’

Dr. H. Martin, Kabelmetal—''High Power Radio Frequency
Coaxial Cables, Their Design and Rating."

D. Doty, AMP Inc.—""Mass Wire Insulation Displacing Termin-
ation of Flat Cable"'

AWARDS

1968

1969

1970

1971

1972

1973

1974

viii

Best Presentation

N. Dean, B.1.C.C.—"The Development of Fully Filled Cables for
the Distribution Network'

J. D. Kirk, Alberta Government Telephones—'‘Progress and
Pittalls of Rural Buried Cable"'

Dr. O. Leuchs, 'Kabel und Metalwerke—""A New Self-Extin-
guishing Hydrogen Chlonde Binding PVC Jacketing Com-
pound for Cables™

S. Nordblad, Telefonaktiebolaget LM Ericsson—""Multi-Paired
Cable of Nonlayer Design for Low Capacitance Unbalance
Telecommunication Network™

N. Kojima, Nippon Telegraph and Telephone—"New Type
Paired Cable for High Speed PCM Transmission’'

S. Kaufman, Bell Laboratories—'‘Reclamation of Water-
Logged Buried PIC Telephone Cable"

R. J. Oakley, Northern Electric Co., Ltd.—"'A Study into Paired
Cable Crosstalk™

G. H. Webster, Bell Laboratories—*'Material Savings by Design
in Exchange and Trunk Telephone Cable"
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SOME DIFFERENCES NOTED IN THE FLAMMABILITY OF WIRE
CONSTRUCTIONS BETWEEN TESTING AT ROOM TEMPERATURE
AND AT ELEVATED CONDUCTOR TEMPERATURE

E. C. Lupton, Jr., C. D. Tahlmore and J., Obsasnik §
Allied Chemical Company b
Morristown,

SUMMARY

Theoretical and experimental work has
indicated that the flammability of a material
increases as its temperature at the moment of
flame exposure is increased, We have noted
that when flammability tests are conducted on
various wire types with their conductor at
the rating temperature, results are sometimes
observed which are substantially different
from results at room temperature. These data
are discusseaq.

I. INTRODUCTION

Flammability of wire and cable is becom-
ing an increasingly important consideration
for selection of the styles to use for par-
ticular applications. In several recent fires,
including the telephone switching center fire
in New York City,and the Brown's Ferry Nuclear
Power Plant fire™, it is believed that the
wiring system was either partially or totally
responsible for allowing a small fire to pro-
pagate, spread and do extremely extensive
damage. Many tests are now in use or proposed
to help an engineer evaluate the flammability
and fire retardance of constructions but we
have recently become aware of a possible use
condition which none of these tests, to our
knowledge, take into account.

In a_survey of wire and cable engineers,
watkins“® found that the temperature rating
of a construction is considered the second
most important single factor in deciding
whether its use is appropriate for a particul-
ar application. Constructions are now common-
ly considered which range in continuous high
temperature limit from +60°C or below to
+260°C or above. The advantages of high
temperature, high performance, small diameter
constructions are becoming well understood
in terms of space saving, weight saving, con-
ductor diameter reductic:, ease of installa-
tion, and long service life and these con-
structions take advantage of higher possible
use temperatures. Energy saving considera-
tion, and long service life and these con-
ductor diameter reduction, ease of installa-
tions and optimum efficiency of industrial
operations can also necessitate higher temper-
atures, It therefore seems realistic to
expect that wire and cable constructions will
be in common use in the future at increasingly
higher temperatures. There is data in the
literature indicating that when the tempera-
ture of a material i3 increased, before it is
exposed to flame, the flammability increases
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also. Johnson® has shown that, for a variety ;
of materials, the limiting oxygen index de- L
creases in a predictable way as the tempera- g
ture of the material increases. (The limit-

ing oxygen index measures the percentage of

oxygen required in the atmosphere for an 8
equilibrium downward_burning flame to be

sustained.) Johnson~ shows that for several

different materials, the limiting oxygen

index can be approximately predicted by the

use of Table I,

P

£ i

Table I. Effect of Material Temperature
upon Oxygen Index

Fraction of 25°C
Oxygen Index Retained

Temperature (°C)

25 1,00

100 .92

200 .78
300 .55 g
While limiting oxygen index does not cor- . é
relate directly with any flammability proper- : i

ties of wire and cable, these data suggested
to us that flame testing on wire and cable
constructions which are at their intended use
temperature might yield results which are
significantly different from room temperature
results,

II. SCOPE

The results reported here will involve
measurements of several different types on
several different constructions. Examples
are chosen to illustrate differences between
room temperature and elevated temperature re-
sults.

It is beyond the scope of this work to
delineate exhaustively the safe limits of
any construction. It is specifically not
our intent to single out constructions as
*good" or "bad" but rather to suggest that
the observed phenomena are so ubiquitous
that they should generally be considered by
engineers. For this reason, individual wire
styles will not be identified by insulation
or conductor type but only as styles A through
E. 1In selecting examples, we chose conditions
such as the following which would indicate
degredation in the fire retardant properties

of wire:
a) Dripping flaming insulation

b) Propagating flame more rapidly
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c) Propagating flame for a longer
period of time or a greater length

III. RESULTS

All measurements were conducted in a
flame hood which was made as draft free as
possible, This hood did not have the capa-
bility of being raised to elevated temperature,
so for the elevated temperature testing a
current was passed through the test wire or
wires to raise it to its recommended rating
temperature., The temperature of the wire was
measured by thermocouples placed next to the
conductor and on the outside of the insulation
and these measurements were confirmed by
optical pyrometer. The currents required are
higher that would normally be used with these
constructions but in the absence of an oven
equipped for safe flame testing, this seemed
the most appropriate way to attain the requir-
ed temperatures, The current was measured by
a clamp-on ammeter.

Example A - A sample of wire insulated by
material A was placed in the draft free hood
at an angle canted 30° away from the verticle.
A piece of Johnson and Johnson surgical cotton,
with no pretreatment or drying, was placed at
the base of the wire. A bunsen burner with a
flame height of 3 inches was applied to the
test wire four inches from its base. The bar-
rel of the burner was parallel to the base of
the chamber and pointed as in Figure I, The
following results were obtained at room and
at rating temperature. The insulation was
colorless,

Affected Afterburn
Length Time Drips
Room Temp. 3 in. 2 sec. Yes
Rating Temp. 4 in. 14 sec. Yes (25%
lit the
cotton)

Example B - Wire insulated with material B,
which is similar in rating temperature and
chemical structure, to material A, was tested
in a manner similar to material A. The in-
sulation was colorless. The results were:

Affected Afterburn

Length Time Drips
Room Temp. 2 in, 0 Sec. None
Rating Temp. 2.5 in. 0 Sec. None

Example C - Four wires insulated with material
C were twisted together to form a bundle. The
bundle was placed in a vertical position. The
flame holder was a piece of pipe 4 inches long
and 1/16 in inside diameter. It used no
premixing of gas with air, so that there was

a cold (yellow) flame, which was approximately
3 inches long.

when the flame was applied perpendicular
to the wire continuously, the following re-

sults are obtained. The times listed are the

time to set on fire a marker flag a particular
distance above the place of fire introduction.

6" 12" 18"
Room Temp. 120 Sec. Never Never
Rating Temp. 20 Sec. 75 Sec. 180 sec.,

The wires tested at room temperature
burned approximately 7 inches above the point
of flame exposure, After 200 seconds, the
wires tested at rating temperature had to be
extinguished for safety reasons, but had propa-
gated upward for approximately 22 inches and
were continuing to propagate vigorously,

In ancther test of the 4 cable bundle of
material C the flame was applied for 30
seconds and the afterburn time was determined.
Afterburn Time
1-5 Seconds
25-55 Seconds

Room Temperature
Rating Temperature

Example D - Wire insulated with material D
was tested in a vertical position, When a
bunsen burner is exposed to the wire with the
flame perpendicular to the wire, the following
afterburn times are noted:

5 Sec. 10 Sec. 15 Sec.

Exposure Exposure Exposure
Room Temp. 0 Sec. 3 Sec. 7 Sec.
Rating Temp. 3 Sec. 7 Sec. 11 Sec.

If the small cold flame described in Example C
is exposed to the wire for a long duration,
the observed results are
Length of the bare wire,
charred or melted insulation
1 1/2 inches
4 inches

Room Temp.,
Rating Temp.

Example E - Wire insulated with material E,
which is identical in rating temperature to
Material D, was tested in a vertical flame
test with the flame canted 10° to the test
wire, The results are the following:

Bare, Charred or

. Melted Insulation Afterburn
Room Temp. 2 inches 0 Sec,
Rating Temp. 1.5 inches 0 Sec,

CONCLUSTONS
In several different examples it is shown
that for some insulation materials under some
conditions the following differences are noted
between flammability testing at room tempera-
ture and at the materials rating temperature:
a) The test wire is charred for a greater
portion of its length
b) The wire continpes to burn for a longer
period of time after the test flame is
removed
c) The flame propagates upward more
rapidly

For at least one material, the followiig

differences were noted:
d) A construction which would not propa-
gate flame upward at room temperature

oo o
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would at the rating temperature

e) A construction dripped flamming in-
sulation at the rating temperature
which would not at room temperature

These results suggest that room tempera-
ture flammalility tweting is not always
adequate to determine the fire retardance of a
wire construction, For those constructions
which are intended for use at temperatures
significantly above 25°C and which require
fire retardance, testing at use temperature
would seem to be required in order to assure
fire safety,
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HEAT-RESISTANT CABLES FOR FIRE -PREVENTION SYSTEMS

T. MAEZAWA, Y. MURAYAMA and A. YOSHIZAWA
The Furukawa Electlric Co., Ltd, Tokyo, JAPAN

ABSTRACT

It is necessary to effectively connect sensors and
indicators to prevent fires in subways, hotels, etc.

The present report describes the details of the designs
and the evaluation of the cables for this purpose. This report
discusses the following.

1.  The cores of the cable are separated by means of the
S-shaped heat-resistant tape. (Type 1)

2.  The cable is designed simply using cross-linked poly-
ethylene, (Type 2)

3.  The cable is designed so as to resist higher tempera-
tures by using silicon rubber. (Type 3)

4,  The cavle is designed so as to be used also in the
frequency ranges beyond the voice frequency. (Type
1, 2 and 3)

1. INTRODUCTION

When a fire breaks out where many people are gathered,
for example in subways, hotels, offices, and department
stores, there is a possibility that peoples movements by the
mob spirit may result in an unexpected disaster. In order
to prevent such disaster, it is necessary to systematically
and effectively arrange sensors and indicators, and to
monitor and control them at required places,

For example, when a sensor, which reu:ts to the rise
in temperature uor to the generation of smoke, and a liaison
interphone is ins:alled in each room of a hotel, they should
be monitored somewhere and adequate instructions should be
given through the interphone. If the cable connecting such
equipment is damaged-and put out of commission by a fire,
these many sensors and interphones would become meaning-
less. Therefore, the construction, materials, and testing
methods for the cables that are fit for such purpose are
discussed. The materials for such cables are required to
be heat-resistant and have good electrical properties when
they should be easy. Consequently, glass mica tape, cross-
linked polyethylene and silicon rubber have been chiefly
examined, Basing on the actual circumstances of Japan, the
cables were tested by burning them under two conditions:
at 3809C for 15 mins. (Grade B), and at 840°C for 30 mins.
(Grade A). A large number of designs for cable construction
have been discussed with many materials. As the result,
three types of the cables, Type 1, Type 2 and Type 3, have
been developed, of which details are described in the present

report.

2, REQUIREMENTS

Since the most important property necessary for the
cables of a fire-prevention system is to fulfill their functions
when a fire breaks out, satisfactory nroperties at high tem-

peratures are required. And the method of use of the cables,
which decides the temperature, should also be duly considered,

The temperature when a fire breaks out depends upon
the structure of the building, amount of combustibles, amount
of air that flows in, and so on, But in Japan, the standard

'rve of heating temperature shown in Fig. 1 is generally
received. Basing on it, some wiring methods have been
developed, such as the wiring by burying a cable in & main
fire-retardant construction and the wiring with an adequate
heat protection (see Fig. 2 and Fig. 3). These wiring methods
can chiefly be adopted when ordinary cables are used for a
fire-prevention system, but they can not be adopted where
the buildings are not newly-built or the equipment is to be
enlarged. Thus, we have developed a new open wiring
method, that .= wiring cable of the same properties as those
used in the above-mentioned methods without buring the cable
in the structure.

This method requires the following cable properties.
Table 1 Requirements

Grade A Grade B
Tensile Strength

Conducter: > 28,0 Kg/mm2 > 28.0 Kg/mmz ¥
Insulator: > 1,0 Kg/mm? > 1.0 Kg/mm?2 ¥
Sheath: > 1,0 Kg/mm > 1.0 Kg/mm?

Heat-Resistani Properties (see Fig. 1)
Insulation Resistance:
0.2MQ or over
(840°C, 30mins)
Dielectric Strength:
AC 250 V/min
(840°C, 30mins)

0. IM{} or over
(380°C, 15mins)

AC 250 V/min
(380°C, 15mins)

The heat .stant propertics of Grade A are the most
severe requ.reaents, which seem hard to be satisfied by
usual methods. Of course, the same properties as those of
ordinary communication cables are required.

3. HEAT-RESISTANCE TEST

The testing methods for the heat-resistant properties
are as shown in Fig. 4, Fig. 5 and Fig. 6. A cable sample
is fixed to the heat-resistant board and the insulation resist-
ance is measured after being heated in accordance with the
curve of heating temperature shown in Fig. 1. And while
the sample is heated, the insulation resistance and dielectric
strength are measured,

4. DESIGN AND MANUFACTURE

After the requirements of the heat-resistant cables
had been fixed, the cables were designed and manufactured.

For designing the cables, materials and construction
of the cables was investigated. The following materials
shown in Table 2 were investigated.
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Table 2 Heat-Resistant Materials

Material Application
Heat-resistant polyvinyl chloride (PVC) Extruding

Cross-linked polyethylene (PE} Extruding
TFE Extruding
Polyimide Coating
Mica polyester tape Lapping
Silicon glass tape Lapping
Glass mica tape Lapping
Silicon rubber Extruding

Heat-resistant polyvinyl chloride was not considered
ixeause It was Interior ©w polycthylene In fts tnsulation
resistance under normal conditions. TFE was also not
considered because its extruding was difficult and it was
costly. Polyimide was also not considered because it was
difficult to remove polyimide, which was used as an insulator,
when connecting cables. But this material seems t tet useful
as an effective heat-resistant material for cables of large-
sized conductors. The S-shaped construction as shown in
Fig. 8 was adopted for lapping cores with tape in order to
make it easy to manufacture cables. It was desirable to
tiusert the tape Jurtng twisting of the cores, because the
same properties as those of ordinary communication cables
were required of the cable. Silicon rubber was employed as
an insulating material because the use of special silicon rub-
ber appeared to make it possible to manufacture the cables
that satisfy Grade A.

Then, three types of cables shown in Fig. 7, Fig. 8,
and Fig, 9 were manufactured and the evaluation tests were
made on them. Several kinds of shields and sheaths of the
cable were selected and combined. The results of the evalua-
tion tests are shown in Table 3.

&a for tw cables of Type 1. both the sllicon ylass taps
(glass tape on which silicon rubber is coated) and the mica
polyester tape (polyester tape on which mica tape is stuck)
short-circuited after the heat-resistance test, which, there-
fore, was judged to be unsatisfactory. But the glass mica
tape (glass tape on which mica tape is stuck) appeared to
satisfy the requirements having no reference to the presence
of the shield. Therefore, the final design was made using
such construction.

Since the cables of Type 2 were affected by the sheath
materials, heat-resistant polyvinyl chloride was adopted
for the sheath for the final design.

As for the cables of Type 3, the heating temperature
reaches as high as 840°C which burns or melts all the
materials except copper, and it is very difficult to keep the
form of the cable. Therefore, it was desired to keep the
cable form to satisfy Grade A, and the construction shown
in Fig, 10 was adopted for the final design.

5. EVALUATION

Three kinds of cables of Type 1 of different outside
diameters were manufactured and the heat-resistance tests
were made on them. These results are shown in Fig. 11.
These results considerably exceed the goal values and it is
confirmed that this design satisfies Grade B. The results
of the measurements of the electrical characteristics are
shown in Fig. 12. These results conclude that the cables

of Type 1 can be used for Grade B in a similar way as ordinary
communication cables.

't The cables of Type 2 of three different outside diameters
were manufactured, and their heat-resistances and electrical
characteristics were measured. The insulation resistances
of the heat-resistance tests were lower than those of the
cables of Type 1, but they satisfy Grade B, Consequently we
estimate that, if great importance is attached to the electrical
characteristics under normal conditions, the use of the cables
of Type 2 may be more advantageous, The results of the tests”
are shown in Fig. 13 and Fig. 14, //

e
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The cables of Type 3 were manufactured in accgrdance
with the finai design and the tests were made on themi. ihe
test results, shown in Fig. 15, shows that the cables satisfy
Grade A. Only the cables of small outside diameters were
manufactured because it is well known, by the former tests
when a weight (W in Fig. 4, 5, and 6) of two times cable's
own weight is loaded on the cable, that the snialler cables
are more readily deformed.

6. CONCLUSION

The open wiring of the heat-resistant cables is possible
and the cables of the same degree as those of ordinary com-
munication cables can be manufactured. We made it possible
to choose various coamhinations of the cahles depending, &s-
pecially, on the 'temperature and time, (For example, if
the cable for 380°C, 30mins. is required, it may be obtained
by combining the cables of Type 1 and 2.) And the cables
that will resist the temperature as high as 840°C are also be
obtainable.

We believe that these cables are absolutely necessary
for the development of fire-prevention systems.
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DEVELOPMENT OF IMPROVED FLAME RESISTANT INTERIOR WIRING CABLES

S. Kaufman and C. A. Landreth
Bell Laboratories
Norcross, Georgia 30071

ABSTRACT

A PVC flexible jacket compound with
an oxygen index of 32% has been developed
without sacrificing good low temperature
brittleness properties. The high oxygen
index was achieved by minimizing the plasti-

~cizer level and substituting fine particle
"size hydrated alumina as a filler/flame-

retardant for the .nert filler, calcium
carbonate. Preliminary data on inside wir-
ing cable jacketed with the new material
satisfied the goal of a flame spread classifi-
cation of 25. A vertical corner test also
shows the progress made in improving the
cable's resistance to flame spread.

INTRODUCTION

Since flame retardancy is a prime
requirement for the Bell System's inside
wiring cables, these cables are insulated
and jacketed with poly(vinyl chloride) (PVC)
compounds. Rigid (unplasticized) PVC is
a highly flame retardant polymer (oxygen
index 45%), but it is unsuitable for wire
insulation and cable jackets. Compounding
with 30 phr (parts per hundred of resin)
of plasticizer yields a semirigid compound
suitable for wire insulation, but the com-
bustible plasticizer causes the oxygen index
of the compound to be lowered to approx-
imately 28%. A typical flexible jacket
compound containing 45 phr plasticizer and
3 phr of a flame retardant also has an oxy-
gen index of approximately 28%.

In recent years there has been an
evolution toward increasingly stringent
flame spread standards in building codes,
fire codes, and in the Bell System's design
standards. At the present time a flame
spread classification (FSC) of 25 or less,
when the cables are tested in the twenty-
five foot tunnel test (ASTM E-84)%is being
sought. Bell Laboratories has undertaken
a flame resistant PVC project with the objec-
tive of developing improved PVC compounds
which permit the design of cables that satis-

* Strictly speaking ASTM-E84 is a building
materials test and does not apply to
cable. However, appropriate modifications
have been made in order to test cable.

Y

fy the FSC of 25. This paper describes

the development and testing of an inside
wiring cable that has a flame spread class-
ification of 25 as determined in a twenty-
five foot tunnel test. Also, the results
of a vertical corner fire test are pres-
ented. This type of test could be more
indicative of the flame spread of vertical
cable installations.

CABLE CONSTRUCTION

Inside wiring cable (Figure 1) is
primarily used for wiring to ke, telephone
sets. The core is made up of twisted pairs
of 24 gauge copper conductors iniulated
with 6 mils of semirigid PVC compound.
Unlike outside plant cables, inside wiring
cables do not have a core wrap or shield.
The jacket is a 30-35 mil thick (depending
on cable size), flexible, light olive grey,
PVC compound. Central office cable is of
similar construction and uses identical
materials.

N ove JACKET
30 MILS THICK

PVC INSULATED CONDUCTORS
6 MILS PVC, 24 GAUGE COPPER

25 PAIR INSIDE WIRING CABLE
FIGURE 1

The formulation of the current insula-
tion and jacket compounds are shown in Table
I. Alternate formulations incorporating
other phthalate plasticizers are used, but
for convenience only those with a C,, C,,

C,, (711) phthalate are shown. Thé ke
p}&perties of the jacket compound are a
brittleness temperature of -28°C and an
oxygen index of 28%. The wire insulation
has the same oxygen index.
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TABLE 1 taining 40 phr plasticizer and no filler
Current Semirigid has an oxygen index of 31%. 1In order t-
dlexible Wire 3
g Jackat LanAEYR Mo attain this oxygen index with a coiapound
=S — containing 45 phr plasticizer, approximately
—— pht Wt L% phe wt_ % 50 phr of hydrated alumina must be added.
1 PVC 100 52.9 100 5.2 Based on brittleness temperature and oxygen
i o last 1 sor index, the optimum compound is one with
: 711 Phihalate 45 1.8 24 17.6 40 phr plasticizer and 30 phr hydrated alumi-
3 na. It has an oxygen index of 32%,
K Processing Ard
4 Diphenyl Phthalate 3 N
FORMULATION
t Flame Retardant —
Antimony Trioxide 3 1.6 = COMPONENT ph
Stabilizer
g Dibasic Lead Phthalate - - 7 9.1 FvC 100
? Tri1basic Lead Sulphate i) 2.5 = = TRIBASE XU 5
b Filler Sb,04 3
E Calcium Curbonate 39 18,5 - -
- PETROLEUM WAX 05
i Lubricant
! Pe*coleum Wax 0.% 0.1 - ‘O 35
Dibasic Lead Stearate 0.5 0,9 0.1 o 71 PHYHALATE O 40
Amide Wax - 0.3 0.2 |
A-45
HY
MATERIALS DEVELOPMENT JRRan AS SHOWN
The objective of the materials de- 12

velopment was to design a PVC compound which
maximized flame retardancy while at the

: same time maintaining the flexibility and

1 low temperature impact resistance of the
flexible jacket compound in Table I, i.e.,
maintain a brittleness temperature of

-28°C while maximizing oxygen index. A more
extensive discussion of the problems involved
in balancing flame retardancy and low tempera-
ture properties in the design of PVC compounds
is given in Reference 1.

BRITTLENESS TEMPERATURE, °C

In order to investigate the effect .36
of plasticizer concentration and filler (15 phr) {30 phr) (45 phel (60 ph
levels on brittleness temperature and other L 1 | l( r": pf)Al
properties, a series of compounds were pre- 0 10 20

pared. A 711 phthalate plasticizer was

1 used at three concentrations, 33, 40, and

1 45 phr. At each plasticizer corcentration,
g the effect of varying the level of hydrated FIGURE 2
alumina filler was determined. A fine parti-
cle size (1 micron) alumina was used since

it has been shown that larger particle size

HYDRATED ALUMINA LOADING LEVEL, VOLUME FRACTION

FORMULATION

fillers seYerely degrade low temperature COMPONENT phe

: properties”. Standard sample preparation Pve 50

4 and test methods were used (See Appendix T q
g A).

Sby03 3

PETROLEUM WAX 05

Figure 2 shows the variation of

1 brittleness temperature with plasticizer e g2
3 concentration and filler level. Filler ST lf_ﬁ

level is expressed as volume fraction and
3 not phr since volume fraction is a more fund- HYDRATED AS SHOWN
amental parameter. For convenience, the ALUMINA

filler level in phr is also shown. The
brittleness temperature objective can be

met with 40 phr plasticizer, and up to 30

phr of fine particle size filler. \ise of

45 phr plasticizer (the level in the flexible : O
jacket compound) results in compounds that
meet the brittleness temperature objective
if the filler level is below 50 to 55 phr.

:

The effects of plasticizer concentra-
tion and flame retardant filler level on

OXYGEN INDEX, PERCENT
w
o

} oxygen index are shown in Figure 3. Anti- 26 1 ! 1 n

3 mony trioxide (Sb,0.), at 3 phr, is inclucded 0 15 30 4s 60
in all the compou d8. The predominant influ- HYDRATED ALUMINA CONCENTRATION, phr
ence of plasticizer level in determining

. oxygen index .s evident. The compound con- FIGURE 3
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Figures 4, 5, and 6 show the varia-
tions of shear, tear and tensile strengths,
respectively. In order to provide a frame
of reference, the typical properties of
the flexible jacket are also shown. The
addition of the fine particle size hydrated
alumina has its greatest effect on shear
strength, Figure 4, The decrease in shear
strength that occurs with increasing filler
loading is most pronounced in the compounds
containing 35 phr of plasticizer. The shear
strengths of the 40 phr plasticized compounds
are close to the typical value for the flex-
ible jacket compound. The tear strength
of the 40 and 45 phr plasticized compounds
are close to the typical value for flexible
jacket compound, Figure 5. Tensile : trength
decreases gradually with increasing filler
loading, Figure 6, The compounds have tensile
strengths close to the typical value for
the flexible jacket compound.

FORMULATION

COMPONENT pht
pPvC 100
TRIBASE Xt 5
$b,04 3
PETROLEUM WAX 05
1300 'L'l 35
711 PHTHALATE 040
‘ A - 45
- HYDRATED & RN
a LRI
z
g
T
e
A FLEXIBLE JACKET
]
-
-
-
I -
ww
00|
} (15 phep 130 mhl g e
[ I R N T T T T |
o 10 .20

HYDRATED ALUMINA LOADING LEVEL, VOLUME FRACTION

FIGURE 4

Table II compares the properties
of the flexible jacket compound with those
of the experimental jacket compound contain-
ing 40 phr plasticizer and 30 phr hydrated
alumina.

TABLE II

COMPARISON OF PHYSICAL PROPERTIES OF JACKET COMPOUNDS

Flexible Jacket Exper imental Jacket

Oxygen Index, Percent 28 32
Brittleness Temperature,‘C -28 =27

Shear Strength, pounds 779 780

Tear Strength, pounds/inch

Die C 550 560

Tensile Strength, psi 2700 2900
Elongation at Break, 3

percent 250 225

Coefficient of Friction
Static .6
Sliding

v

FORMULATION

COMPONEN phe
PVC 100
TRIBASE XL 5
55,03 3
PETRDLEUM WAX 05

‘O - 38
710 PHTHALATE 0-40
l A 45
- VNYDRATED
AS SHOWN
ALUMINA

800 |-

400 FLERIBLE JACKET

400

TEAR STRENGTH, POUNDS/INCH

(15 phe) ‘(30 phr)
1 1 1

(45 phr) (60 phr)
1 § 1 T S|
0 10 .20

HYORATED ALUMINA LOADING LEVEL, VOLUME FRACTION

FIGURE 5

FORMULATION

COMPONENT phe
(4'4 100
TRIBASE XL 5
LIPYRY 3
PETROLEUM WAX 05
|O— 35
71 PHTHALATE 0-40
' A-45
4000 |- HYDRATED AS SHOWN
ALUMINA

g

2400

TENSILE STRENGTH, PSI

} (15 phe) {30 phr} (45 phr) (60 phr)

[T MR S TN R N My S
) 1.0 2.0
HYDRATED ALUMINA LO AP!HG LEVEL, VOLUME FRACTION

FIGURE 6
FIRE TESTING

Cable Samples

Standard and experimental designs
of 25 pair inside wiring cables were fire
tested. The constructions of all the cable
were identical, only the materials were
varied., The three cables tested are describ-
ed in Table III.
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iy TABLE 111 Standard conditions for the duration
: DT of the test are a 300,000 BTU/hr. gas fueled
| o T — ignition fire at one end of the tuunel and
) ] 4 ' 3 an induced draft with a velocity of 240
Ty Insulstion L e dacket Sl feet/minute. The test runs for 10 minutes.
Cable A std. Semiriqgid 284 Std. Flexible 28% The ignitiOn flame engulfs 4_1/2 feet of
: ! cable B std. Semiriqid 284 Experimental  32% the test samples. Flame spread is measured
| RSt R e o ey
A p r 2 ] ’
test engineer through small glass windows
spaced one foot apart. Using red cak, the
conditions spread the flame to the end of
the tunnel in 5.5 minutes (a flame spread
classification, FSC, of 100). Asbestos-

Test Procedures cement board has an FSC of 0.

25 Foot Tunnel (Modified ASTM E-84) .2rtical Corner Flame Test (BTL Facilities)

N T sy

All samples were mounted in the top Twenty cables, 27 feet in length, ]
section of the tunnel (see Figures 7,8,9) were loosely bundled in the corner of a f
two story fire test bullding. The cables i

4

over a support system consisting of 2 inch

hexagonal poultry netting, and 1/4 inch were ignited by a propane fueled ribbon 4
rods at 2 foot intervals. Forty cables, burner which yielded a 215,000 BTU/hr.

each 24 feet in length, were placed to fill flame. The flame is four feet high and
the 20 inch tunnel width. is kept on for the duration of the test. ;

i
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g Draft Light AdJustable
] Bours Sheet Netal Famarakle ERuLLer
| C}ub-r c ource Vent Pipe Yent . Top Fansl
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£ A ]
f :‘-‘\"“a..‘_ .
P: I —g D 5 : o o ':..::""'.' ..... ‘:.--.-..-.--.-.-—.-.--.-_-.------.ﬁ.._i____‘i
oy Phote- \ ! —— . ",
£ ";g:‘ sleetris % &% @ &% Wimdow - Door / T — Tharmocauples Lo \\l—‘ >
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FIGURE 7
Details of Test Furnace
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Test Results

Figure 10 shows flame spread versus
time for the standard cable (Cable A) in
the 25 foot tunnel. The flame reached a
maximum spread of 7 feet in 3 to 4-1/2
minutes and then receded. The fire self-
extinguished immediately after the igni-
tion flame was turned off. A flame spread
classification of 36 was obtained. This
is higher than the goal of 25. This cable
does have improved fire resistant properties
compared to earlier designs (pre-1972).
The experimental cable has good low tempera-
ture handling characteristics that are simi-
lar to those of the standard cable.

25 PAIR INSIDE WIRING CABLE

CABLE A

JACKET: STANDARD FLEXIBLE JACKET PVC
INSULATION: STANDARD SEMIRIGID PVC

FSC 35.9

ACTUAL FLAME SPREAD (FEET)

ELAPSED TIME (MINUTES)
FIGURE 10

Figure 11 shows the flame spread
results for the experimental inside wiring
cables. As was the case for the standard
cable, the flame propagated to a maximum
point and then receded and self-extinguished
immediately after the ignition flame was
turned off. The cable with the experimental
jacket (Cable B) had a flame spread classifi-
cation of 27*. Improving both the jacket
and the insulation (Cable C) results in
a flame spread classification of 23.

* Flame spread classifications between 22.5
and 27.49 are rounded off to 25 vhen the test
is run for official classifications. Thus

a value of 27 meets our design objective
of obtaining a 25 classification.

L

EXPERIMENTAL 25 PAIR 24 OAUGE INSIDE
WIRING CABLES

CABLES B & C

JACKET: EXPERIMENTAL JACKEY

INSULATION: { CABLE B - STANDARD SEMIRICID PVC
CABLE C - MODIFIED SEMIRIGID PVC

FSC 25.6

FSC 28.2

ACTUAL FLAME SPREAD (FEET)
-

Fsc 230

CABLE C

1 4 N ] o
ELAPSED TIME (MINUTES)
FIGURE I

Vertical tests yielded results
consistent with those obtained with the
25 foot tunnel. The standard cable (Cable
A) propagated flame 9 feet above the four
foot ignition flame while the cable with
the improved jacket (Cable B) propagated
flame 5 feet. The cable with improved jack-
et and improved insulation (Cable C) spread
the flame 4 feet.

CABLE HANDLING TESTS

An improvement in the fire resistance
of this cable is the primary objective.
The secondary objective is to accomplish
this without sacrificing the handling char-
acteristics of the inside wiring cable,
This cable undergoes installation in a wide
range of temperatures. Operations include
pulls through conduit and sharp bends to
position the cable to provide service.

A room temperature conduit pull test
was made to evaluate the new cable versus
the existing design. The procedure is to
pull 50 foot lengths through a 1 inch dia-
mater steel conduit (three 90° bends) until
no additional lengths can be pulled through,
The number of lengths pulled in and the
pulling forces are recorded. The cable
jacketed with the experimental compound
was equivalent to stanaard cable.
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by recording the rate at which cracks occur
in the cable jacket of samples subjected

to an impact test (a 4 pound weight dropped
from 10 inches above the sample). Samples
are tested at 20, 14, 7 and 0°F. The ex-
perimental jacket is similar to the stand-
dard material in this temperature range.

CONCLUSIONS

The development of a flexible jacket
compound with an oxygen index of 32% has
resulted in the design of an inside wiring
cable that meets the objective of a flame
spread classification of 25. Additional
tests are planned. Vertical corner tests
of the experimental and standard cables
verify that progress has been made in reduc-
ing the flame spread of the inside wiring
cable. All other properties of the naw
cable are nearly identical to those of the
cable it is designed to replace.

REFERENCES

1, S, Kaufman and M. M. Yocum, "Balancing
Flame Retardancy and Low Temperature
Properties in PVC", paper presented
at the International Symposium on Flam-
mability and Fire Retardants, May 23,
1975, Montreal, Canada. To be published
in Advances in Fire Retardants, late
1975.

APPENDIX
MATERIALS PREPARATION AND TEST METHODS

All samples were prepared by mixing the ingredients
(approximately 1500 grams) in mixer followed by fluxing
in a Banbury mixer for four minutes at 350°F and
sheeting out on a two roll mill. Test plaques, 75
mils thick, were compression molded. The test methods
used are shown below. ¥

TEST METHODS

Property Method of Test

ASTM D412 using Specimen
and a speed of 20 inches/minute.

Tensile Strength and
Ultimate Elongation

Tear Strength ASTM D624 using Speciment Die
C and a speed of 20 inches/minute.

Shear Strength Bell Labs Test. Shear strength
is the force required to drive a
one inch 45° wedge with a 30 mil
flat edge through a 75 mil
thick test plaque.

Low Temperature ASTM D746, Only complete breaks
Brittleness were considered failures.
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DEVELOPMENT OF NEW FIRE-PROOF WIRE AND CABLE

H. MATSUBARA, C. MATSUNAGA, A. INOUE. N. YASUDA
SUMITOMO ELECTRIC INDUSTRIES, LTD.
OSAKA, JAFAN

Sunmary

Recently the Japan Fire Defence Board made
a regulation whereby owner of most buildings
must provide emergency circuits for fire equip-
ments such as indoor fire plugs, smoke blowers,
emergency elevators and emergency exit indica-
tor lamps. These fire equipments must be able
to operate as long as people can be evacuated
when a fire breaks out. Therefore, when these
circuits are exposed, "Fire Proof Wires" which
meet the specifications of Japan Fire Defence
Board can be used.

It is desirable, though not regulated by
law, that trains are provided with power and
control circuits which have sufficient fire
proof p; cperties.

We ha e developed the following two types
of new fire-proof cables which satisfy the
above requirements.

1) Low voltage wire (600 V class) which has a
proof layer between conductor and polyethylene
insulation. The special fire~proof layer is
designed to prevent the high conductive flame
from contacting the conductor. This wire is
covered by polyvinylchloride jacket. This
wire withstands A.C. 600 V for 30 minutes and
has insulation resistance of over 0.4 Megohm.

2) High voltage Fire-Proof cable (6.6 KV class)
which is comprised of conventional 6.6 KV
class XLPE insulation, PVC jacket and outer
heat resistance layer. This heat resistance
layer consists of an asbestos layer and a
cotton mesh tape coated with intumescent
paint. This cable withstands A.C. 6.6 KV in
a flame at 840 C for more than 1 hour.

1. Introduction

In Japan, cities have continued to grow.
Many tall buildings have been built and many
shopping malls, subways etc. have been built
underground in order to utilize the limited
space more efficiently. But once a fire
breaks out in such places, the damage to
buildings and the danger to people can be
severe. Because of this it is most important
to improve the fire-proof efficiency of build-
ing materials.

There are two important ways to improve the
fire-proof efficiency of wire and cable.

(1) A fire does not transfer to another place
along wire and cable.

(2) Wire and cable continue to function for a
certain time in a fire.

Item (i) has been studied for years, and
many studies have been established and pub-
lished by improving the "fire retardance" of
wire and cable materials. These fire-retar-
dant materials can only preveni fire propaga-
tion for certain kinds of firel). 1In an ac-
tual fire there are few cases where only wire
and cable are inflamable, but they are heated
by other burning materials. In this case most
organic materials burn. Even the oxygen index.

(0.I) of polytetrafuloroethylene (0.I=98)
becomes 21 as shown in Table 1 at 500 C and
easily burns2),

Dependence on temperature of
Oxygen Index (0.I.)

Table 1.

L > hich 0.1.
Materials| 0.I. at 25C Temper:t;ic ORI RE
Nylon 24 130 ©
Neoprene 41 325 ¢
Rigid PVC 47.6 375 ¢
PTFE 98 500 C

It has been reported that many people suf-
focate in a fire because they are unable to
get out of the building as the electric current
for lights, escape equipment etc. is cut off3?
We consider that item (2) is more important.

In this paper we will explain the development
of fire-proofing wire and cable from this
point of view.

2. Development of Low Voltage Fire-proof Cable
2.1. Present Status of National Regnlations

In Japan, the owners of buildings are ob-
liged by the Fire Service Law to install fire-
prevention and alarm systems. The kinds of
systems and buildings are shown in Tables 2
and 3.

Table 2. Fire fighting and alarm equipment

prescribed by the Fire Service Law
1. Fire fighting equipment

(1) fire extingnisher, water tank etc.
(2) sprinkler, water-fog extinguisher
bubbling extinguisher

CO, extinguisher

haioxenation extinguisher

indoor hydrant

outdoor hydrant

dry chemical extiaguisher etc.

o~ s o
AW AW
e N N e

2. Fire alarm equipment

(1) automatic fire alarm equipment

(2) electric leak detector

(3) fire alarm system transmitting an alarm to a fire
department

(4) a. emergency bell
b. automatic siren
c. emergency announce equipment, etc.

3. Evacuation equipment

(1) fire escape, sliding way, etc.
(2) emergency light, guiding light etc.
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Table 3. The buildings and other structures Table 4
iR, IS, he tefos Dk Wires and cables for fire prevention systems

1. a. theater, movie theater, entertainment hall

b. public hall, assembly hall,
2. 8. cafo, bar, cabaret, night club, similar 1 Aluminum sheathed cable
. recreation hall, dance hall, 2 Lead sheathed cable
3. restaurant, similar facilities 3 Steel tape armoured cable
4. department store and other markets 4 Chloroprene sheathed cable
< .
5. hotel, inn, hostel, dormitory, apartment 5 Corrugated metal sheathed cable
6 - . 6 Combined duct cable
. a. hospita clinic, maternity hospital
4 b. sanatorium for old or diuilo:SSeo;le 7 Heat resistant PVC insulated wire
4 c. kindergarden, school for disabled people and children 8 Chlorosulfanated polyethylene insulated wire
Lz} 7. school, university 9 Ethylene fluonde nsulated wire
& 8. library, museum, art museum 10 Varnished glass tape insulated wire
i 5 oo G 11 Asbestos sheathed cable
b . ul
; P ¢ ba ouse 12 Silicone rubber insulated wire
E: 10. waiting room at railway station and airport 13 * M! cable
- 11. temple, shrine, chapel 14 %Fire resistant cables spectfied in the Fire Service Law
3
12. a. factory, work shop,
E b. movie and TV studio Wiring method
" 13. warehouse (1) i case of winng in (2) in case that the wire
& 14. a. car garage, parking place fire resistant walls and can not be installed
b. aircraft or helicopter hanger floores in walls and floors
3 15. general buildings not prescribed in the above items
16. mul ) concrete wall thermo-insulation
: . ;:r:igzu{;::se buildings or facilities subject to the Fire or floor (glasswool etc )
17. underground market, }.d
18. buildings or structures designated as important cultural ppe metal pipe
properties by Cultural Preservation Laws Fi
19, shopping arcade extending over 50 m, cable of wire cable or wire
3 . etc.
1 d--20mm  PVC pipe
3 d>10mm  metal pipe etc
The systems depend on the use and structure of )
1 the building. Most fire-prevention systems (3)exposed wiring
A must have their own emergency electric source % These cables may be used without any protection.ie
: (batteries or independent power plant) and the exposed wirng.
i wiring methods in these systems are also speci-
3 fied. These¢ are shown in Table 4. Exposed
; wiring must be fire-proof cable (Table 5).
1 Fig. 1 Example of systems and ther wiring T B
* a Automatic fire alarm system
STTTES Special tire-p { Fire-proof cable
/ N pecia re-proo P
em\:fgency o= = detector /\ cable
power source contral . -
3 panel b )
z speaker Voltage 600 vV (power) 00 V (control)
; <] of siren Test
Condit con class A class B
Tror _(’ emergency\\‘
battenes -y ight /
Seeer” There are two kinds of fire-proof cable as
shown in Table 5 which are tested under the
b Indoor hydrant system class A or B methods. Fig. 1 shows the places
where class A and class B cables can be instal-
emergency led as exposed wiring, in emergency circuits
power source starter — motor | pump of automatic fire alarm systems and indoor
I hydrant systems prescribed by the Fire Service
] Law.
1 z : 5
S - hydrant Eire test of fire-proof cable The test intends
to examine whether a cable functions satisfac-
ST TN torily in fire for a certain length of time.
—{ BRIy : After applying the flame at a specified tem-—
N heht erature for a specified time, the cable is
— ” p . . 2 .
B examined to see whether it can withstand the
] — Class A insulation resistance and insulation withstand
===+ Class B voltage tests. The following two methods are
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used for the special fire-proof cable (class
A) and fire-proof cable (class B).

(a) Special fire-proof cable (for 600V circuit)

The test consists of a heating test and a
withstand voltage test.

Heating test )
Fix a 1.3 m long wire sampoe with copper wire
to a 10 mm thick perlite plate as illustrated

in Fig. 2.
|
300
l— periite plate
10 1 ey
]
fo-——— 160 ~—————
-—100
600 500 13m long
200 cable specimen
o § —ef D /
=1 g
y.

e ]
fixed Q
with e et mm
16mm
copper
wire load

S== 2 )X cable outside dia
Fig. 2

Put the sample into the furnace, with a load

2 times the sample weight and apply AC 600
Volts. Apply heat for 30 minutes raising the
temperature according to the indoor fire heat
curve specified in JIS C 1304 "Method of Fire-
resistance Test for Structural Parts of Build-
ings" as illustrated in Fig. 3 (curve 1).

840°C
BOO |

500

temperature(T)

10 15 20

time({min.)

Fig. 3

After heating, measure the insulation resist-
ance with a DC 500V megger. The value shculd
be greater than 0.4 megohms.

Withstand voltage test

Immediately after the heating test, apply AC
1,500 volts.

The sample will withstand the above voltage
for 1 minute.

(b) Fire-proof cable (for circuit upto 60V)
Fix the 1.3 m long wire sample with copper
wire to a 10 mm thick perlite plate as illus-
rated in Fig. 4.

Put the sample into the furnace with a load
2 times the sample weight and at the same time
apply AC 250 Volts. Then heat the sanle at
temperatures which are half of those in the
indoor fire heat curve in JIS A 1304 (380 c)

30
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for 15 minutes as illustrated in Fig. 3 (curve v
2).

After the test, measure the insulation resist- ‘
ance with a DC 500V megger. The value will be :
not less than 0.1 Megohms. b
These two kinds of fire-proof cables were first J
authorized by the Fire Defence Board but now

a Committee authorizes them.

300

L ¢ sthte plate I
4 -

10 X = -
TR | |
80 | [2 80 i
ol )
(e 1 8
T el
2 30 :) 1
[ o =3 i
e [ L fixed with 1 6mm
cable specimen - coppel wire i
(13m long)

unit mm

éﬂﬂo—dmd

Fig. 4

The general performance
specifications (except fire test) are also
specified. The specifications for the special
fire-proof cable (class A) are listed in JIS C
3342 wStandard for 600V PVC Insulated and PVC
Sheathed Cable (VV)", and in JIS C 3307 "Stan-
dard for 600V PVC Insulated Wire (IV)" for the
fire proof cable (class B). It is specified '
that the sheath shall not burn over 15 cm in 3
length from the inside wall of the test cham-
ber.,

2.2. Direction of Development

The purpose of this development is to make
a cable which has the same performance, is
easier to handle and is cheaper, than M.I.
cable. 1In accordance with the requirements of
the Fire Defence Board the wire shall be ex-~
posed at 840 C. At such high temperature, how-
ever, most organic materials will burn com-
pletely. For the purpose of assuring cable
performance in such a high temperature environ-
ment the following two methods can be con-
sidered.
(1) Preventing temperature rise of cable com-

ponents by using heat-resistant layer
(2) Maintenance of the wire performance using

both inorganic and organic materials

Method (1) is not practical. These kinds of
cables are low voltage class cables and it is
desirable to handle them as they are at present,
since the workers who install them work for
small companies and they are not familiar with
special handling techniques.
Method (2) (combination of organic and inorga--
nic materials) is useful; i.e. the cable per-
formance can be maintained with only the in-
organic materials which are good insulation,
after the organic materials are burnt out in
a fire.

2.3. Electrical Characteristics of Flame

It is useful to know the electrical charac-
teristics of a flame before beginning develop-
ment of a cable that functions in a fire.




Many studies concerning flame conductivity
have been done. Practical measurements of
flame conductivity have been performed recently,
since many buildings have been built near high
voltage lines, making fire fighting very dan-
gerous when a fire breaks out in such buildings.
An example is shown in Fig. §, wh%ch shows that
the flames are rather conductive4’, These pro-
blems were investigated as being due to ioniza-
tion of combustibles in a high temperature
flame.
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Gag Imm
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kg e

® Gap tmm
@ Gap Smm

- L L |
e 600 800 1000

tempersture{C)

Fig.5 Conductivity of a fire

Saha proposed an expression as followsS).

Ej
log K = 77082 x 10~

+ 3 log T - 6.49

4 oa -
+ log(ga ‘Ee )
€a

K : equilibrium constant for ionization
El : jonization potential

g:, g;, g," statistical weight of ion,
electron and atom

A high temperature flame ionizes atoms which
are contained in fuel and as a result the flame
become more conductive. Of course since the
ionization potentials are determined by the
ion source, the conductivity of a flame is
influenced by the burning material. Many fuel
gases and radicals, such as 02, N2, Hz, H20,
CO02, CO, OH, H, CH4 have less influence on the
rate of ionization of the flame because of
their high ionization potentials (8ver 12 eV).
For example, CO can supply only 10° ions per
cc to the flame at 30009K. The most popular
ion source which has a low ionization potential
in a flame is NO (9.{ eV) and this 1% nitrogen
monoxide produces 1011l jons per cc. The flame
conductivity can be changed remarkably by the
metal impurities (for example K: 4.3 eV, Ca:
6.1 eV, Cu : 7.7 eV etc.). 10-6% potassium
atom (K) in the flame produces more ions than
nitrogen monoxide .

= The high conductivity of flame
when wood is burning is caused by these K and
Ca atoms. Taking the above into account we
conducted experiments (experiment-1l) and the
results are shown in Table 6.
The data shows that the insulation resistance
of a flame varies according to the fuel. When
soft PVC, the most popular material for cable
jackets, burns, the flame becomes highly con-
ductive. When the flame is highly conductive,
it is difficult to insulate the cable, by ap-

plying inorganic fiber separators which a flame
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can easily pass through.

Table 6 Insulation resistance of flame

Sample |insulation resistance (MQ)

none 70
PE ' 50
PVC 5
wood 10

| gap=1mm

sample

measure the
insulation

resistance Bunsen burner

experimental method-1

Experiment-2. Table 7 and Fig. 6 show the

results of a fire test in which the wires were

wrapped with glass tapes etc. The experiment

was carried out in the following way.

Wires wrapped with an inorganic separator are

twisted. Then these wires are burnt with four

Bunsen burners. At the same time coumbustibles

are burnt under them and the insulation resist-

ance between the two conductors is measured.

The results lead to two conclusions.

(1) The insulation resistance does not rise with
an inorganic fiber separator which a flame
can pass through.

(2) The insulation resistance decreases when
some inorganic fibers such as glass tape
with organic binder which is easy to ionize
and carbonize are used.

A heat-resistant separator should be made of

materials which (1) a flame cannot pass through;

(2) does not include contaminations which carbo-
nize and (3) can maintain good insulation resist~
ance at high temperature.

Table 7 Minimum insulation resistance (MQ)

Inorganic

T
separator| Glass tape (1) l Glass tape (2)
Combustibles ! (non heat-cleaned) | (well heat-cleaned)

f 5

Burner only

|
PE ‘ 2 | 10
!
PVC . 0.05 i 0.0
wood 2 i 7
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Fig 6 The experimental method 2

2.4. - =
rator and Improvement of Materials
We began to develop a heat-resistant inor-
ganic fiber separator which prevents a conduc-
tive flame from reaching the conductor. At
first, a glass tape which had a good insulation
resistance at high temperature was chosen as
a base separator and the meshes of the tape
were filled with inorganic powder.
Experiment=-3, The method is the same as ex-~
periment-2. In this experiment PVC was burnt
for the purpose of making the flame conductive.
Table 8 shows the separator structures and
their minimum insulation resistance. These
experimental results show that the mineral
powder rubbed in the tape meshes prevents a
conductive flame from reaching the conductor.

Table ¥ The results of experiment-3

T :
Structure of separator* Minimum insulation

resistance (KQ)

1. glass tape wrapped 2 times
thickness - 0.25 mm 10

(X3

. glass tape + aluminum oxide powder
thickness = 0.3 mm 800

3. glass tape + clay (Whitetex) powder)
thickness = 0.3 mm 400

4. glass tape + Hi-sil powder
thicknessd 0.3 mm 200

5. glass tape + mica powder
thickness = 0.3 mm 100

* The powder was made into a paste with toluen and was
rubbed in the glass tape and covered with another glass
tape.

In order to prevent the powder from coming off
the tape, a layer of glass tape is added. In
this case the separator cracks in the fire.
Figs 7 and 8 show the samples after experiment~
3. It is assumed that the inorganic powder
cannot provide enough insulation resistance

for the wire because it is coming off and the
separator cracks. A good binder is necessary
to prevent the powder from coming off and the
separator from cracking

Fig. 7 Glass tapeclay powder

Fig. 8 Glass tape+Hi-sil powder

Experiment-4. The method is the same as ex—

periment-3. As a result of these expuriments,
it was found that a material such as silicon
which burns and becomes an inorganic powder, is
a more effective binder than polyvinylacetate
which burns completely and does not come off
and the separator does not crack if a silicon
rubber is used as the binder. The results of
experinent-4 are shown in Fig. 9 and Table 9.
As described above the development of an ef-
fective heat-resistant separator was accom-~

plished.

Table o Lhe results of experiment -4

Structure of separator " Mln.\mym insulation
resistance (M)

1. glass tape + a compound of Hi-sil
and puly-acetate (5:50) 0.3-0.4
glass tape thickness : 0.3 mm
2. glass tape + a compound of Hi-sil
and silicon oil (5:50)
glass tape thickness = 0.3 mm %=1

3. glass tape + a compound of mica
powder and silicon oil (5:50) &8~15
thickness - 0.3 mm

4, glass tape + a compound of Hi-sil
and silicon rubber (5:50) glass
thickness = 0.3 mm 8-10

glass tape + silicon oil
glass tape thickness = 0.3 mm 0.5

w

* This rubber is a liquid type which can be crosslinked at
room temperature to a solid.
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Fig.9 Glass tape with Hi-sil and silicon rubber

Many important
facts which improve the other cable components
were discovered during the investigations.

The two most important are:

(1) The insulation resistance is greatly im-
proved when the cable zomponents are burnt
as completely as possible without emitting
smoke or soot, and

(2) using the endothermic reaction of the hy-
drate water and the like is an effective
way to prevent the cable component temper-
ature from rising.

Considering the above points, s.iokeless PVC

compound (PVC which does not emit a lot of

smoke) was used as the jacket m terial and
atactic polypropylene compound which was

highly loaded with aluminum hyroxide as a cable

filler instead of jute and polypropylene was
also used.

Table 10 shows the construction and Fig. 10

shows the result of a fire test on these fire-

proof wires using these new materials, which
was conducted in accordarce with the method
specified by the Fire Defense Board of Japan.

R L LT T T

Table 10 The structure of new tire-proof wire
— = . - ——

Conduct oe Capper 5 x J0 mm”
Heat —resastant | A glans tape applied with & silicon ecubber

. vumpound o a glann tape applicd mica
Insulation Yolyethylene
Filler An atactic polypropylence compound with a
great amount ot aluminum hydroxide
Jacket smokeless PVC

100 »

a
2
T
E x
§ O \ A
g Hdioe ket s ]
g ", : w
€ @ atactic PPr
| compound sk sless \+
1 tiled with PV
| Ca CO5 AL(OH), ey
X PPr co.d e
02 | | | | L
5 10 15 20 25 30
time{min )

Fig. 10 Relation between IR and time in a firre

QB.D. voltage after fire test A:>3o00V
B: 2300V

Table 10 (2) The structure of fire-proof cable (exracts)

(class A)
Conductor Heat Insulation|Jacket Overall | Cable
resistant|thickness |thickness|diameter|weight
Core No.|Structure| Outside | layer
x size diameter
(mm2) | (No./mm) (mm) (mm) (mm) (mm) |(kg/km)
1 x 38 7/2.6 7.8 0.8 1052 1.5 17 540
1 x 100 19/2.6 13.0 0.8 1.5 1.5 22 1190
1 x 400 | 61/2.9 26.1 0.8 2.5 2.1 37 4280
1 x 1000[127/3.2 41.6 0.8 3.5 2.8 56 5400
3 x 38 7/2.6 7.8 0.8 1.2 1.8 30 1570
3 x 100 19/2.6 13.0 0.8 1.5 2.4 46 3980
3 x 400 61/2.9 26.1 0.8 2.5 3.6 79 14070
Conductor

Filler
PVC jacket
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Fire resistant layer

Polyethylene insulation
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Fig. 10 (2) Straight joint of fire-proof cable

In this way, we made a better fire-proof wire
and cable by improving the cable materials and
producing them which are up to 1000mm2 of con-
ductor size and the maximum core number is 30.
Table 10 (2) shows the extracts of them., At
the wiring of fire-proof cable, the terminal
is equal to that of common wiring bccause it
is assembled in a fire resistant box. But the
straight joint and the branch of the cable need
to meet the same test as the cahble. Fig. 10
(2) shows the construction of straight joint

conducter

T R R e T o

semiconducting layer
insulution
semiconducting layer

copper shield tape

for them.
. . jacket
3. Development of the high-voltage fire-proof
cable
1 !
1 3.1. The speciality of high voltage cable Fig. 11 Structure of power cable for over 3KV
The structure of high-voltage cable over
3 KV has been fixed and the cable consists of
(1) an inner semiconductive layer, (2) insu-
) lation, (3) outer semiconductive layer. Con- Table 11  Thermal conductivity cof X?rlmm kinds of
] cerning the guarantee of the cable life in materials (K cal/m-hr-%)
general (excluding fire), it is not favorable
to obtain the fire-proof efficiency by changing " g B
3 the structure. materials thcrme.xl‘ | materials therm.?l.
It is necessary to develop methods other than conduciyizitly conductivity
those used for the low voltage fire-proof wire Al 150 prastics i 0.0 = 0.2
and cable. Fe 50 water 0.5 - 0.1
glass 1.3 - 0.0 air 0.02
3.2. Ihe possibility of the effective heat- concrete | 0.5 - 0.4 | stecam 0.019
i asbesto 0.2 - 0.1 co, | 0.011

The most effective fire-proof method for
inherently combustible organic materials is
3 to vse a heat resistant method so that the heat
resistant layer prevents the temperature of the An intumescent fire-proof paint has been de-
cables materials from rising to their thermal veloped in order to solve the above problems.
decomposition temperature. Table 11 shows the It begins to foam at a high temperature and

thermal conductivity of various kinds of makes a layer which is 20 times thicker than
; materials. It is natural that the thermal usual. The intumesced foam can maintain its
: conductivity of gases are very low. The ef- shape at over 800 C. These special charac-
4 fective heat resistance is supposedly possible teristics solve the above two problems. A¥
{ if it intumesced materials can be used. example of the paint is shown in Table 127
: However, when Fhese 1ntume§ced materials The observed thermal conductivity of this in-
are actually applied to the wire and cable tumescent fire-proof paint is shown in Table
components the following problems are en- 13.
countered: The conversion heat resistance is the ratio

(1) The heat from the cable cannot diffuse and
the cable becomes hot

(2) the intumesced material does not keep its
shape at high temperatures in a fire.

of total heat resistance due to the increase
of thickness which is increased over 20 times
in a fire. This paint only provides effective
heat resistance in a fire because the layer of
1 paint is very thin.

oo
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Table 12 An example of formulation

water 31.0
wetting agent 0.5
’I‘i()2 8.0
ammonium polyphosphate 24.0
urea-formaldehyde resin 2.0
Dicyanidiamide 8.0
Dipentaerythritol 4.0
Chlorinated paratfine 5.0

Table 13 Thermal conductivity of this intumescent
fire-proof paint

— -
| heat-resistant conversion heat
i C-cm/w resistance

PVC 600 =
fire-proof paint
(in usual use) 709 | 1
n
(in a fire) 1620 740

We calculated the heat resistant efficiency in
a fire by actually using this paint. An intu-
mesced layer of cable is considered to be an
infinite cylinder because the intumescent
paint becomes a thicker intumesced layer in a
fire, and it is assumed that the temperature
difference exists only in the radial direction.
The rate of increase of temperature of this
cylinder in a non-stationary state is formula-
rized as follows.

) e
L-x(y- S Ip ).........(1)

k =)/cP A

¢ thermal conductivity

: temperature

: specific heat

¢ time

: specific gravity

¢ outer radius

Under the boundary conditions t = 0, T = T1

and t = 0, r =R and T = To = constant, Jaeger
et al. solved this equation g}) and interpreted
it for k and r/R graphically The result of
this calculation is shown in Table 149).

The time it takes the temperature of the cable
core surface to reach 500 C and 700 C from 20 kel
when the cable sample is in a fire at 850 C is
calculated. The constants used in this cal-
culation are shown in Table 15.

3.3. Ihe experimental result _and solution of
probhlems using a proto-type cable

We would like to explain the test results
of several prototype cables, with various kinds
of heat resistant layers, which were carried
out on the basis of the results of Section 3.2.

AwctO
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Table 14 Calealations
wump le |radiua in ::T":::.r ;:':'l""‘::—
R a Fire it oy o
cable heat resintant layer | (mm) l.:v'u:).“. ::lr.ll)me
1 become he come
| 500 C 700 T
(min.) {min.)
(-KV-Z!mm2 none .25 0. 3.4
CV cable
" intumescent paint 49.26 24 In

(2mm thick)

" anbesto tape {Smm thick 54.29 K 4=
4 intumescent paint
(2mm thick)

oY asbesto tape (5mm thick 04,25 4o 144
+ intumescent paint
(4mm thick)

Table 15 Constant

Alcal/emesec.t)|e (g/em3) | Cleal/g 1)

intumescent layer 0.00015 0.2 OL2
PVC Jacket 0.0004 1.3 0.5

The prototype cable was fixed in the test
chamber for fire-proof wire and cable. Then
the temperature of the gas burner flame was
set at 850 C and the time until the cable
brokedown (this time is called the life time
hereafter) under 6 KV was measure. The result
is shown in Table 16.

The intumescent fire-proof paint can greatly
lengthen the cable life. A high voltage cable
used for a main power line should be able to
function for one hour in a fire. The data in
Table 16 is compared with the result of calcu-
lations in order to investigate how to lengthen
this lifetime.

Table 16 Improvement of fire-proof performance with
the improvement of heat resistance

method of heat resistance time until the cable breaks
down under AC 6.6KV

none (1)% 3r4sn
L2t

none (2) 4

asbesto tape wrapping

{(3mm thick) 10130
corrugated pipe 12t5n
intumescent fire-proof paint
(2mm thick) 17%0"
asbesto tape (5mm thick)
+ intumescent fire=-prcof paint 29830m
(2mm thick) asbesto tape
(5mm thick)
+ intumescent fire-proof paint
(Smm thick) 38v0n

#cable: 6.6KV 1 x 22 mm® PV cable

*#cable: 6.6KV 3 x 22 mmz CV cable
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The time until the cove surtace temperature

reaches 500 C is close to the life time. But
there is a great difference between these two

t imes when the fire-proof layer is rather
thick. When the samples were obscrved after
the test it was found that the intumesced paint
layer fell away from the cable as shown in Fig,
12. The litfe time can be prolonged ift this
paint layer does not come out.

Figy h2 Rmesdt: aftes frire teal

When cable breakdown does not occur until the
cable core surface temperature reaches 700 c
as calculated before in Table 14, the life
time can be prolonged. Fig. 13 shows the
sample after the fire test.

Fig 13

As the temperature of the core rises the cross-

linked polyethylene expands to make the copper
wrapping tape like a pipe, which stops oxygen
from reaching the insulation. It is supposed
that in this state the insulation does not
catch fire but when the temperature rises more
the copper tape breaks because of the expan-
sion pressure or the insulation and then the
components of the core, the inner semiconduc-

tive layer, insulation and outer semiconductive

layer, burst out, catch fire and cause the
cable to breakdown.

It is difficult to solve the problem of
insulation burst. Using copper pipe instead
of copper tape can stop oxygen from reaching
the insulation but the flexibility is lost

and in case of copper corrugated pipe the space

of the corrugated fold creates other oxygen
and electrical problems. Double layers of
copper tape were applied to obtain mecharical
strength and a semiconducting spacer was pro-
vided between the copper tape layer and the
outer semiconducting layer to cancel the heat

expansion.
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Table 17 shows the time 1t takes these
various kinds of core samples wrapped with only
copper tape to catch tire.

In order to prevent the intumesced carbonized
layer from dropping down and to maintain uniform
thickness when the layer was intumescing, a cot-
ton mesh tape, previously coated with the intu-
mescent paint, was wrapped around the cable.

The tape prevented the paint from running and
it became a supporter of the intumescent layer
after carbonization.

As a result the cable has an intumesced heat
resistant layer which is thick enough, as shown
in Fig. 14. Tabhle 18 shows the fire=-proof per-
formance of the prototype cable with these coun-
termeasures. Fig. 15 shows the typical construc-
tion of the cables.

L '-'-:Iéu o

Fig. 14 Result after fire test

fahle 1% fhe Fire-proot pertformance of the prototype
cables
No. r Cable fire-proof structure Tliﬁ- time time v
| I (calculated)
T
] (\)(\-Zlmm2 none | 4t 2924
2 W asbesto (5mm thick) | 431300 3Nt
+intumescent layver (2mm |
| thick)
3 " astest  {5mm thick) oftose dne
: + intumescent layer
(4mm thick)
4 l " asbesto (5mm thick) 7aram 1441
| + intumescent layer (6mm
! thick) l
| |

time until the temperature of the core surtace comes to
7001

23
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Fig 15 Structure of High Vrltage fire proot cable

Mean while, many high voltage circuits are
also used in the building and it is planned by
the Board to ought tu use fire-proof high volt-
age cable for emergency high voltage circuits.
The cable mentioned above will meet this regu-
lation.

In this case, the cable termination is set
in a fire resistant box. Normal joint and
branch will be unnecessary because of the short
distance of the circuit, but we are going to
study about thea to apply to the high voltage
power and control circuit of railroad and high-
way in tunnel.

1. Conclusion

We reported two examples of our development
of "Fire-proof wire and cable." We tried to
improve the fire-resistance of cable from the
stand point of the "maintenance of cable func-

tion in a fire", and not from the usual study
on flame retardant material. Many problems,
such as prewenting the cable from gencrating
gas like HC1 and smoke, remain, but the are not
thought to be important because many other
materials are used together with wires and
cables which give off a lot of gas and smoke
in a fire.

The high voltage fire-proof cable which could
operate for from 30 minutes to an hour in a fire
was obtained as a result of this study.

5. Acknowledgement

We wish to express our sincere appreciation
to Mr. Yasui, Mr. Shiga, Mr. Inagaki and other
many people of our company.

References

1) T. Hagihara, H. Matsubara, Reports of Study
Meetin% on Insulating Materials, IEEJ IM-
74-16 (1974)

2) P. R. Johnson et. al. ACS 106th Rubber
Meeting preprint No.10 (1974)

3) J. H. Petajan, ibid., No.14 (1974)

4) M. Yoshida et. al., unpublished data (i973)

5) J. N. Bradley, "Flame and combustion pheno-
mena" Methuen & Co. Ltd., (1969)

6) zﬂang?ook of Chemical Engineering", Maruzen

195

7) K. Okada et. al., Hyomen 13 231 (1974)

8) H. S. Carslaw, J. C. Jaeger, "Conduction of
Heat in Solids'" 2nd edition Oxford University
Press (1959)

9) K. Ishise, unpublished data (1974)

Authors

Hironaga Matsubara

Hironaga Matsubara was born b>n October 12,
1942 in Shiga Prefecture.

He received the B.S. and the M.S. Degrees
in Applied Chemical Engineering fiom Kyoto
University in 1965 and 1967 respectively. He
joined the Research & Development Laboratories
of Sumitomo Electric Industries, Ltd. in 1967.
He has been working on research of high poly-
meric material insulation and jackets ever

i

Chiaki Matsunaga

Chiaki Matsunaga was born on August 30, 1937
in Osaka.

He received the B.S. Degree in Mechanical
Engineering from Osaka University in 1961 and
joined Sumitomo Electric Industries, Ltd. in
April, 1961. He is now the manager of insulated
wire & cable production engineering section.

since. Mr. Matsubara is a member of the Society

of Polymer Science of Japan, the society of

Rubber Industries of Japan and the TEEE of Japan.

IR S SR e

e i A s G St S




'r?‘m‘ﬂ""'ﬂ"ﬂ G L i i e i e i i L i L i R el il i i s e B e i i B A e S e e i I e s il i

P @ RN 1 ST T B AV N P WIS 41 P

Akihiko Inoue Norihiko Yasuda

Akihiko Inoue was born on April 13, 1938 in Norihiko Yasuda was born on March 6, 1946
Manchuria. in Osaka.

He received the B.S. Degree in Electrical He received the B.S. Degree in applied Che-
Engineering from Kyushu University in 1961 and mistry and M.S. degree in petroleum chemistry
joined Sumitomo Electric Industries, Ltd. in from Osaka University in 1969 and 1671, respec-
April, 1961. He is now the manager of rubber tively.
and plastic wire and cable engineering section. In 1971, he joined R & D group of Sumitomo
He is a member of the IEEE of Japan. Electric Industries, Ltd. He has been working

on the research of high polymeric material
insulation and jackets ever since. Mr. Yasuda
is a member of the Chemical Society of Japan.

Mailing address

Sumitomo Electric Industries, Ltd.
1-3, Shimaya l-chome, Konohana-ku, Osaka, 554
Japan.

LN

p
e by o Bt R R e -.m,‘wmﬁ




Bhiead i 2o

S i i s

e NS S L 2 g et

Ve e I

T

FIRE HAZARD EVALUATION OF CABLES & MATERIALS

by

E.J. Gouldson, G.K. Woollerton & J.A. Checkland
NORTHERN ELECTRHIC 0. LTD.
Montreal, Quebec

ABSTRACT

Test methods currently used for testing
cables and cable materials are discussed and
improved techniques are proposed. The vir-
tues of the proposed techniques are illus-
trated by means of a typical fire retardant
cable compound development. Finally the
concept of a fire hazard rating system is
introduced as a rationalization of the in-
terpretation of cable and materials flamma-
bility testing.

INTRODUCTION

The wire and cable approach to flamma-
bility has been changing over the last few
years. Originally cables were constructed
of materials designed to minimise the possi-
bility of ignition and propagation of fire
from short circuits, arcing, etc. The stan-
dard test for these constructions has been
the vertical flame test as described in
standards issued by such bodies as ASTM, U.L.
CSA and IEC.

More recently a drive for improved per-
formance has been felt where interest centres
on the contribution of wire and cable to an
existing fire rather than as a source of
combustion. In some areas cable volume is
small compared with other flammable materials
and can be ignored, but in such locations as
telephone exchanges, power stations, subways
etc. the amount of cable can be substantial.
Recent fires in the New York telephone ex-
change and Montreal Met-o have shown that
the cables contributed significantly once the
fire had started.

With this changing emphasis in the in-
terpretation of the role of cable materials
in a fire situation in mind, this paper pre-
sents a critique of some of the test methods
currently used for fire evaluation of cables
and materials, and leads to proposals for new
test methods. Inside cable is used as an
example of how these methods may be used to
follow improvements in the insulating and
jacketing materials, and provide evaluation
of modified cable constructions. Finally
the concept of a fire hazard rating is in-
troduced as a realistic assessment of the
total test data.

FLAMMABILITY OF PLASTICS

While one of the objects for wire and
cable is to improve their response to fire,
very few of their electrical or physical
characteristics can be sacrificed. Thus it
is unlikely that a unique solution can be
found, but rather that different apnroachc.
will be used in different applications. How-
ever a basic understanding of what occurs
during the combustion of a polymer is useful.
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In the early stages of a fire, heat from
an external source reaches the polymer and
low temperature vaporization takes place
followed by degradation of the polymer begin-
ning with the breaking of the weakest bonds.
As decomposition continues, the volatile
flammable products diffuse to the surface and
mix with the air. Continued heating causes
the temperature to reach a critical value and
ignition takes place. If pyrolysis products
and oxygen continue to reach the combustion
zone, and if the energy liberated by the com-
bustion is sufficiently in excess of the heat
losses to maintain the temperaturec above the
ignition temperaturec,the process becomes self
perpetuating.

Heat dissipating beyond the area of the
actual fires is considered the primary hazard
in well ventilated fires where there is a
good supply of oxygen. Plastic compounds
have a high calorific value and their combus-
tion results in the liberation of large
quantities of heat. In poorly ventilated
fires, the oxygen is depleted, combustion is
incomplete and large volumes of carbon mon-
oxide are given off. Adding to this highly
toxic gas are the toxic and corrosive gases
from the burning materials such as hydrogen
chloride from PVC and chlorinated polyethy-
lene; and other halides from flame retardant
non-chlorinated plastics.

Finally during the fire, smoke, which is
the airborne mixture of heated gases, liquid
droplets and solid particles, can be given
off in large volumes. This is a hazard in
itself, causing panic and obscuring exits.

FLAMMABILITY TEST METHODS

Having defined the factors which must be
considered, namely heat, fire spread, toxic
and corrosive gases and smoke, the tests pre-
sently available for the evaluation of
materials and products can be critically
reviewed.

Horizontal and Vertical Flame Tests -
Materials

This is a standard test and variations
of the method are found withir specifications
issued by ASTM, Underwriters Laboratories as
well as other National and International
standards writers.

The test consists of exposing a bar of
the material to the flame from a bunsen burn-
er for a specified period of time or number
of times. For these tests pass/fail criteria
are based on the time for the flame to extin-
guish after the removal of the burner toget-
her with the distance the flame travels, Al-
though suitable for most materials, there are
some, €.2. nylon which move away from the
flame during testing and cannot be properly
assessed.
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Vertical #Flame Tcat - Cables

For a typical vertical flame test on a
cable, the cable is mounted vertically and
exposed to the flame from a bunsen burner
inclined at 20° to the horizontal. Ap indi-
cator of gummed paper is wrapped around the
wire 10" above the point of application of
the flame. The flame is applied to the wire
for fifteen seconds five times, with fifteen
seconds between applications and the wire is
considered to fail if the indicator is bur.t
when the flame extinguishes.

It is accepted that this test is not re-
presentative of behuviour in a fire but does
give a good indication of behaviour under
short circuit conditions. To try to better
simulate the fire conditions various tests
have been devised using more thun one burner
or larger burners. As an example of how
these changes in burner size or number affect
the end result, a polyethylene jacketed cable
which passed the standard vertical test was
tested with two burners. The cable burst in-
to flame and burned quite ferociously. Ano-
ther example is quoted in Ref.’ where PVC
jacketed cables which had previously been
considered flame retardant spread fire badly
when a larger burner was used.

Oxygen Index Test - Materials

The limiting oxygen index of a material
is defined as the minimum percentage of oxy-
gen, expressed as volume percent which will
just support combustion of the material. The
method gives results which are highly repro-
ducible from sample to sample and from labor-
atory to laboratory and is now an ASTM and
International standard. It gives an indica-
tion of the flammability of a material under
limited conditions and is a good tool in the
areas of research, quality control and mater-
ial classification but because of its artifi-
ciality its usefulness in fire research is
questionable.

Smoke Measurement - Materials

Most smoke chambers are similar in that
they use the attenuation of a light beam as a
measure of the smoke density when a material
is pyrolysed using either radiant heat (non-
burning) or a flame (burning). Therec are
presently two standard methods within ASTM
for the measurement of smoke, the N.B.S.
chamber and the Rohm and Haas equipment -

Refs. Y5716 A chamber has been developed in
the Northern Electric laboratories and is
referred to as the N.E. Smoke Chamber. It
has the advantages of being inexpensive to
build and gives reproducibility acceptable
for plastic materials.

The N.E. Smoke Chamber is a totally en-
closed box made as leakproof as practical in
order to contain all smoke produced during a
combustion test (background of Fig. 1). The

smoke is measured by attenuation of two light
beams, one vertical and the other horizontal.
Voltage output from the detectors is recorded
on a two pen chart recorder and from this can
be calculated:

P

1) The total maximum smoke concentration pro-
duced

2) The time required to generate the maximum
smoke concentration.

More details of this chamber are given
in Appendix I,

Tunnel Test - Materiale and Calbles
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The preceding test methods are suitable
for evaluation in the laboratory, but the
tunnel test, because of its size and the ex-
pense of operating it, is not considered a
laboratory test. Testing to qualify for
building code acceptance is usually done by
independant testing laboratories.

The test equipment consists of a hori-
zontal tunnel 25 feet in length and of rec-
tangular cross-section 18 inches wide and
12 inches deep. The roof is removable and
the material to be tested is attached to the
underside of it. At one end of the tunnel
are two fixed burners, set so that their
flames impinge on the test specimen and the
flame is forced down the tunnel by a draught
of air of 245 feet/minute. One wall of the
tunnel has a series of observation windows
along its length. The exhaust end has a
photoelectric detector system to measure
smoke emissions. Thermocouples are mounted
in the floor of the tunnel to give an indica-
tion of the fuel contributed by the combus-
tion.

The equipment is calibrated using asbes-
tos cement board for the zero level and red
oak flooring to give the 100 level for smoke
and flame spread. Ratings quoted for build-
ing materials are therefore a comparison with.
red oak, and numbers less than 100 mean the
flame spread and/or the smoke of the test
material is less than red oak and for numbers
greater than 100, they are more than red nak.

Applied to bailding materials, the test
has now become accepted as the standard, but
there are still no approved methods for
mounting wires and czbles und if the insula-
tion itself is tested it tends to melt and
drop and needs special support. Therefore,
although numbers are quoted in building codes
for the flame spread and smoke ratings allow-
able for cables, there is no standard method
available for their measurement. It does
seem probable, however, that all wires and
cables with non-metallic coverings which are
now used would fail the requirements if a
mounting method was developed.

Recent investigations have indicated
that for foamable plastics at least, there is
not a true correlation between the tunnel
test and the real fire environment. To quote
from a recent paper Ref. the tunnel test
"is simply a tool and one of many tools
available for the protection of the community.
It may provide a good comparison between wood
ceiling products which have low ignition
temperatures, but a poor comparison of other
building materials like foamed plastics which
have higher ignition temperatures. Continued
use of this method alone to predict actual
building fire behaviour of foamed plastic
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building materials is improper". This type
of criticism could well start a move away
from the tunnel test as the standard method
of cvaluating the fire hazard of many build- s —D
ing materials and methods of mounting wire
and cables might never be developed.

f Smoke Detector

Radiant Pane!
\ al :
it
¢ t I.f' i
v v ironmental
Chamber
1 : n—=To Gas Supply
L Pilot Flome*"/ ~ — Air Distribution
3 Plate

— §<—Air Inlet

FIG. 2 OH1O STATE UNIVERSITY
RELEASE RATE APPARATUS

Ihe apparatus consists of the environ-
mental chamber through which a constant Flow
af alr passes, The specimen's cxposure 1s
determined by o radiant heating panel adjust-
ed te produce the desired radiant heat flux
to the speocimen The snevimen (s mounted im
the sample holder - Fip. 3 and posivtioncd so
that o small pilot flame impinges om its sur- i

ok

-

face when o piloted ignition is wanted. The
change in temperature and optical density
{light absorhance) of the gas leaving the
chamber are monitored, from which the rates
of heat and smoke release are calceulated.
Typical putputs from the apparatus are shown
in Fig. 4 for a standard formulaticn and an
improved compound respectively. The darker
line in each case represeonts smoke and the
lighter line temperature change.

FIG. 1 FLAMMABILITY LABORATORY

The Ohio State University Release Fate
Anparatus ('Sl _RRA) - Materialg

The disadvantage of developing compounds
for flame retardancy using the previously
described methods is that data has to be
collected from different tests on the com-
pounds and from this data, the best formula-
tion must be chosen to make cables which are
then further evaluated. The ideal would be
a test method which would give all of the re-
quired data from one test and which could be
1 used for testing compounds, cable models and
finished cable.

The Ohio State University Release Rate
Apparatus with modifications, some of which
are described and others which are still be-
ing developed, is capable of supplying all
the information required for fi-: research
on wire and cable.

e

The Apparatus is shown in the foreground
of Fig. 1 with an outline sketch in Fig. 2.
Detailed descrigtions of its operction are
given in Refs. ® and !! and for cur purposes
a brief description will suffice.

FIG. 3 SAMPLE HOLDER
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a) Standard Compound

b) Improved Compound

FIG. 4 TYPICAL RELEASE RATE OUTPUTS

The environmental chamber can be used to
hold assemblies or pieces of material with a
surface area of 10" x 10" and with a maximum
thickness of 4". Air flow rate can be varied
but for normal operation a standard flow is
recommended. The system is designed to per-
mit easy mixing or substitution of flow gases
other than air so that burning studies in en-
richment or depletion of oxygen are possible.

The present chamber is equipped with an
electrically heated radiant panel which is
capable of an output of up to 35 kW/m? radi-
ant heat flux at a sample position of 4" from
the specimen surface. This corresponds to a
panel surface temperature of approx. 700°C,
although a maximum condition of 600°C is re-
commended (approximately 30 kW/m?). Investi-
gations are underway within the ASTM Task
Group on a gas-fired radiant panel to raise
this upper limit to apgroximately 1000°C
(approximately 50 kW/m*)

The range of heat conditions required to
establish an appraisal of the combustion
characteristics of a material, appears at the
moment to be a subject of controversy, or of
at least a divergence of opinions. Based on
observations with cable insulation and jack-
eting materials it would appear that for all
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intents and purposes, nearly total decomposi-
tion takes place quickly at hcat flux condi-
tions of 30 kW/m? (600°C). It is probable
that any flame retardant mechanism which
could be devised for a polymeric material
would be of little effect, if any, at hecat
flux conditions greater than 30 kW/m? (600°C).
Higher heat flux conditions may be useful in
the evaluation of extremely high heat-resist:
ing materials but their use for normally en-
countered insulating and jacketing materials
would appear to be quite limited. This could
be confirmed by further experimentation such
as the use of Thermal Gravimetric Analysis.

Flame travel across the exposed surface
of the sample is observed visually - Fig. 5§,
and the average rate of flame propagation
over the samples width is noted. Sampling of
exhaust stack gases <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>